The effects of glucagon, catecholamines, and the calcium ionophore A23187 on the phosphorylation of rat hepatocyte cytosolic proteins.
Recent experiments have demonstrated that stimulation of rat hepatocyte alpha-adrenergic receptors alters the activity of enzymes known to be regulated by cycles of phosphorylation and dephosphorylation. These events apparently occur without an increase in the activity of adenosine 3':5'-monophosphate-dependent protein kinase. The present study compared the effects of glucagon and catecholamines on the incorporation of radioactive phosphate into cytosolic proteins obtained from intact rat hepatocytes. Sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis resolved 27 phosphorylated bands in the molecular weight range 220,000 to 29,000. Treatment of the intact hepatocytes with glucagon or cyclic nucleotides increased the phosphorylation of 12 of these bands. Incubation of unlabeled cytoplasmic proteins with the catalytic subunit of protein kinase and [gamma-32P]ATP leads to the phosphorylation of 11 proteins. The molecular weights of these proteins were very similar to those altered by glucagon treatment of intact cells. Stimulation of the alpha-receptor with norepinephrine, epinephrine, or phenylephrine in the presence of 20 micrometer propranolol caused an increase in the phosphorylation of at least 10 of the same 12 phosphorylated bands stimulated by glucagon. The increase in phosphorylation mediated by alpha-receptors was only 50 to 60% of that observed with glucagon and occurred in the absence of any change in the level of adenosone 3':5'-monophosphate. The effects of alpha-receptor stimulation could be completely antagonized by 20 micrometer ergotamine or 20 micrometer phentolamine. Treatment of the cells with the Ca2+ ionophore A23187 in an attempt to mimic alpha-receptor function increased the phosphorylation of 4 of the phosphoproteins altered by glucagon or catecholamines. The effects of the ionophore depended on the presence of extracellular Ca2+ ion and were similar in magnitude to those of catecholamines. It is concluded that alpha-receptor occupation alters the activity of an adenosin 3':5'-monophosphate-independent protein kinase or phosphatase with a specificity similar to those affected by cyclic nucleotides.